The direct reconstruction of the elastic scattering amplitudes at eleven energies between 0.83 and 2.7 GeV is described. Complete sets of spin dependent observables used for this reconstruction were measured in the nucleon-nucleon experimental program at Saturne II. The invariant amplitudes a, b, c, d and e were deduced using the least square method fit to the experimental data. A search for solutions starting from random initial values was performed to determine different possible sets of amplitudes. The absolute values show a similar angular dependence at all energies and for all solutions. The dependence of phases show discrete ambiguities especially at the higher energies. One of the solutions at 2.1 GeV suggests a behaviour which could be related to a dibaryon resonance of mass 2.73 GeV with the half-width at the half-maximum less than 50 MeV.
Complete sets of observables in pp elastic scattering were measured at 0.834, 0.874, 0.934, 0.995, 1.095, 1.295, 1 Before 1975 the direct reconstruction (on the basis of existing data) was possible at 90° CM at few energies only (Ref. [1] ). Several solutions with relatively large errors were found. The statistical reconstruction of scattering amplitudes was studied in reference [2] and the first direct reconstruction of the pp scattering matrix over a large angular region was reported in references [2, 3] . The complete sets measured at PSI below 0.6 GeV contained 17 linearly independent observables and allowed not only an unambigous direct reconstruction of the scattering matrix, but also a test of time-reversal invariance (TRI) (Refs. [4, 5] ). Later, the direct reconstruction was carried out for PSI and LAMPF data and four solutions were found [6] . The direct reconstruction of the ANL-ZGS data at 6 GeV/c at six four momentum transfer -t from 0.27 to 1.0 (GeV/c)2 is described in reference [7] .
In the present paper we determine the absolute values and the relative phases of amplitudes for 11 energies. We shall assume parity conservation, time reversal invariance and the Pauli principle throughout. We use the scattering matrix in the form [8] where a, b, c, d and e are the scattering amplitudes, Q and Q2 are the Pauli 2 x 2 matrices, k and k' are the unit vectors in the direction of the incident and scattered particles, respectively, and The subscripts of an observable Xsrbt refer to the polarization states of the scattered, recoil, beam and target particles, respectively. For the so-called « pure experiments » the polarizations of the incident and target particles in the laboratory system are oriented along thé basis unit vectors the scattered particle is analyzed in the directions and the recoil particle in where the unit vector k" is oriented along the direction of the recoil particle momentum.
Note that in our nucleon-nucleon experimental program the beam was polarized along n, s or k while the target was polarized along n or k and the components n and s" of the recoil particles were analyzed. Due to the spin rotation in the beam solenoid and in the longitudinal target holding coil, as well as the precession of the spin in the bending magnet, residual components from other directions were present. The bending of recoil particles in the target 2691 holding field provides the contributions of observables with the recoil particle spin-index k . In the following section we will review all contributing observables.
2. Relations between contributing observables and amplitudes.
We express observables (Tab. 1 in Ref. [8] [24] [25] [26] . At 2.396 GeV, for 2 lowest angles, the A oono data could not be determined from our measurements. At these two angles, we have taken the values from the LBL experiment [24] .
The results for A oono = Aooon (Refs. [16, 17] ), Aoonn (Refs. [16, 18] ) and A ookk (Refs. [10] [11] [12] [13] ) are measured with very high precision in a large angular region at each energy. The spin correlation Aoosk (Refs. [10, 12, 13, 20] ) is also determined with a sufficient precision in a large angular region. The angles, at which the direct reconstruction was carried out are imposed by the measurement of the rescattering observables. Their precision is limited by the attributed running time. 4 . Statistical détermination of amplitudes.
The results represent « total » amplitudes, including nuclear and electromagnetic contributions. Since one common phase is arbitrary [8] , in the present paper we put lm e = 0 (i.e. figure 12c for S 1 and S2.
For our choice of the amplitude representation the phase 'P d is close to 90° below 2.1 GeV. This phase at 50° is shown in figure 12d . Under the assumption, that SI is the « true » solution at all energies except 2.1 GeV, where S2 is the « true » one, it can be seen, that 'P d (50° CM) is practically constant in our energy region.
We found that at large angles the amplitude e is predominant and fairly constant as it was observed at lower energies [2, 3] .
Let us note that the phase 'P a gives a good description of the negative minimum of the [29] [30] [31] [32] [33] [34] [35] [36] and the compilations [26, 27] (Fig. 3 in Ref. [38] ) an important difference between the results from [31, 37, 38] which cannot be explained as an effect due to quasielastic scattering. The authors of reference [38] claimed that their data are correct and the data of references [31, 37] must be renormalized. It is interesting that other sets of data from references [37] and [38] , at the common energy of 1.27 GeV, are in an excellent agreement. Let us note that the ANL-ZGS was a week-focusing accelerator having a momentum spread of 3.5 % (àTkin'" 100 MeV around 2.2 GeV) and that the kinetic energy at the target was determined by a choice of currents of the beam line magnets. If a fast variation of the pp analyzing power at a fixed angle exists around Tkin'" 2.2 GeV, the authors of the three papers have probably obtained correct results, but at slightly different energies.
All pp elastic and quasielastic Aoono and Aooon data points existing in 1983 were carefully analyzed in reference [36] and it was found that the energy dependence of the results at fixed four-momentum transfer cannot be fitted by smooth curves even if points of reference [31] were renormalized. The same reference explicitely mentioned the observed structure in the pp =&#x3E; pp analyzing power and suggested a possibility of a resonance behaviour. [28] , where all Saturne II data points were included. figure 7 . Figures 13, 14 and 15 support the observed energy-dependent structure in q; a on the basis of data completely independent of those used in the direct reconstruction of scattering amplitudes. Since the steps in energy of our data around 2.1 GeV is 300 MeV, the change of the q; a sign may be faster than deduced from the hand-drawn line connecting the data points in figure 12 . Note that the solution S2 is also compatible with a variation of A oono between 2.1 and 2.4 GeV, at least in a restrained angular region or with a variation which may be less pronounced.
One of the possible explanations of the observed structure is a dibaryonic resonance. Approximately at the same energy Lomon et al. [39] [40] [41] predicted a possible dibaryonic resonance in 1 So partial wave which implies an abrupt change in the angular dependences of the Aoonn and Aookk spin correlations around 55° CM. The steps in energy of existing data points are too large to make any conclusion. On the other hand we observe a significant variation of the angular dependence of the spin correlation A..,k [13, 20] . Our (Fig. 12a) , ({)b (Fig. 12b) , Pc (Fig. 12c) and ({)d (Fig. 12d) . The full lines connect the results of the Saclay-Geneva PSA [28] [ 17] ; (inverted open triangles) LBL [19, 25] ; (open diamonds) ANL-ZGS [29] ; (direct open triangles) ANL-ZGS [30] ; (open circles) ANL-ZGS [31] ; (open squares) BNL [32] ; (black squares) Saturne 1 [33] ; (direct black triangles) CERN [34] ; (inverted black triangles) ANL-ZGS [35] . [44, 45] . A structure was observed in the energy dependence of Ano(t = 0), Ano(u = 0 ) and Ano(8cM = 90°) centered around the mass of 2.7 GeV. Very recently this result was confirmed by new measurements at Saturne II [46] . F. Plouin (private communication) et al. observed an important minimum in 3He production in the reaction pd =&#x3E; 3He + X, at the CM energy of 2.720 ± 20 GeV. This minimum may be due to a baryonic structure which decreases the 3He production. 6 . Conclusion.
The p-p elastic scattering amplitudes were determined directly from the observables at 11 energies between -30° and 90° CM. The spin-dependent experiments used in this reconstruction were carried out at Saturne II during the period from 1983 to 1985 and analyzed before December 1987 (Ref. [14] ).
The results suggest possibility of narrow peaks in the phases cP a and cP b and a rapid variation in the phase cP C' The crossing of cP a through zero is independently suggested by existing A oono data measured in other laboratories. The behaviour of the amplitudes presented in the tables and figures may be discussed in terms of a dibaryon resonance, manifesting itself in the spin-dependent observables. The mass of such a resonance would be close to 2.73 GeV and its half-width at the half-maximum may be less than the upper limit of 50 MeV.
In view of the importance of establishing the existence and the properties of dibaryon resonances in the elementary nucleon-nucleon reaction, several further steps should be taken. One is a more detailed study of the experimental situation. Also, as we have shown, the analyzing power A oono is particularly sensitive with respect to the implicated phase cP a and should hence be measured in small energy steps for many different angles around the incident proton kinetic energy 2.1 GeV. Even more important, complete sets of protonproton experiments should be performed in the same energy region, in order to obtain all the amplitudes in small energy steps.
Finally, we would like to emphasize the importance of performing a complete set of np experiments in the same energy range, since a similar dinucleon with charge + 1 should manifest itself at least in the isospin I = 1 part of the amplitudes.
